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Abstract Surface protection ability of specimens consisted of mortar and four kinds of silane penetrant both 
treated at 5°C, 20°C and 60°C, respectively, was measured after three days curing period. In the case of 
penetrating depth, it became long when the silane temperature was 5°C and the mortar temperature was 
raised. On the other hand, it became shot when the mortar temperature was 5°C and the silane temperature 
was raised. As for the ability defined by ratios of permeability, absorption and carbonation depth, it 
improved when the silane temperature was 5°C and the mortar temperature was raised. When the mortar 
temperature was 5°C and the silane temperature was raised, the ability defined by ratios of permeability and 
absorption improved. In the case of a ratio of carbonation depth, however, it improved in using three silanes 
and declined in using one silane. 
 











































































































































































(2) Forming surface protection layer of siloxane bond by condensation reaction
(1) Fixing on the pore surface by silane hydrolysis
Pore surface of mortar
Fig.1 Reaction scheme of silane 
RO－Si－OR  +  H2O               RO－Si－OH +  ROH
R R
OR OR
RO－Si－OH  +  HO－Si－OR               RO－Si－O－Si－OR +  H2O
OR OR OR OR













R : Alkyl group
OR : Alkoxy group(1)
(2)
 Fig.2 Image of silane condensation reaction on 
pore surface in mortar 
Fig.3 Relationship between saturated water vapor and 



































（ T + 237.3 ）
Saturated water vapor ［g / m3］ = mw max ×
RH ［%］
100
※ Equation of Ernst Ferdinand August
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Table 2 Materials used in concrete 
Material Symbol Substance Specification 





Water W City water － 
Fine 














































料を Table 2，基板の作製フローを Fig.4 に示す．
モルタルの調合は，質量比でセメント 1，細骨材 3，
水セメント比を 50%とした．モルタルのフレッシ
ュ性状は，空気量 4.2%，モルタルフローが 158mm 
であった． 
3.2 含浸材の種類 

















































Table 1 Mix proportion of mortar
W/C 
(%) 
Unit Content (kg/m³) Ad 
(C×%) 
Properties of Fresh 
W C S Air (%) 
Mortar Flow
 (mm) 
50 265 530 1590 0.2 4.5 160 
Table 3 Silane penetrants 
Penetrant Structure Carbon chain Hydrophobic group Functional group
Sample A C9H22O3Si （C6） Hexyl Methoxy 
Sample B C12H28O3Si （C6） Hexyl Ethoxy 
Sample C C13H30O3Si （C10） Decyl Methoxy 




























Pretreating of  










Fig.4  Flow chart of specimen manufacturing 
 






















0 24 72 168 33648 96
Sample A ○ Sample C □
Sample B △ Sample D ×
Temperature of specimen ：
Temperature of silane ：
60℃
60℃Temperature of silane ： 5℃
Temperature of specimen ： 5℃






















0 24487296 168 336 336168967248240
Sample A ○ Sample C □
Sample B △ Sample D ×
Temperature of specimen ：
Temperature of silane ：
60℃
60℃Temperature of silane ： 5℃
Temperature of specimen ： 5℃
Fig.6  Water permeability after coating 
 60 処理温度が異なるモルタルおよび 4種類のシラン系表面含浸材が与える養生 3日後の表面保護効果 
温度の相違が，含浸材の塗布から表面保護効果が
発揮されるまでの時間に及ぼす影響について検討




塗布する前後 3 日間において，Table 4 に示す所定 
の温度±2℃および相対湿度 60±5%を維持するよ











































































Table 4  Temperature of silane and specimen 
 
Temperature of specimen 
5℃ 20℃ 60℃ 
Temperature 
of silane 
5℃ ○ ○ ○ 
20℃ ○ － － 
60℃ ○ － －
      : Penetrating depth, Water permeability, Water absorption 
      : Carbonation depth 
○
Table 5 Testing items and standards
Testing item Testing standard Curing periods［day］ 
Surface moisture
of specimen （Type HI-520） 
－ 
Surface temperature
of specimen （Type AD-56111A） 
Viscosity of silane （Type TVB-10M） 




Water permeability 7 Water absorption
Carbonation depth 28 



























































































Temperature of specimen ： 5℃
60℃Temperature of silane：
Curing at  5℃
Coating of silane
Temperature of specimen ： 5℃
20℃Temperature of silane：






























 Fig.9  Relationship between viscosity of silane and 
temperature 





















































































Fig.10  Relationship between temperature and 
penetrating depth 
Fig.12  Relationship between temperature and 


























Temperature of specimen ： 5℃
Sample A ○ Sample C □
Sample B △ Sample D ×
Temperature of silane ： 5℃
Fig.13  Relationship between temperature and 























0 5 20 60
Temperature of slane［℃］
0 5 20 60
Temperature of specimen ： 5℃
Sample A ○ Sample C □
Sample B △ Sample D ×
Temperature of silane ： 5℃
Fig.11  Relationship between temperature and 
ratio of water permeability 
 
Temperature of silane［℃］




















Temperature of specimen ： 5℃
Sample A ○ Sample C □
Sample B △ Sample D ×
Temperature of silane ： 5℃
 
Temperature of silane［℃］























0 5 20 60
Temperature of specimen ： 5℃
Sample A ○ Sample C □
Sample B △ Sample D ×
Temperature of silane ： 5℃
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